Résumé. 2014 Des analyses à l'échelle du nm sur le c0153ur de dislocation dans le germanium ont mis en évidence la présence de 
1. Introduction. -Impurity segregation on dislocations in Czochralsky (CZ) grown germanium or silicon crystals has been recently reported [1] on the basis of high resolution electron microscopy (HREM) observations. This phenomenon is of great importance in semiconductor materials and is commonly used as a gettering process to trap impurities. It is not possible to determine the chemical nature of such impurities by HREM. The precipitates to be analysed are spatially highly concentrated within a few A around the dislocation cores and the total number of impurity atoms is small. A nanoanalysis concerning such small volumes can only be achieved with a dedicated field emission scanning transmission electron microscope (STEM) . The X-ray spectra recorded from these precipitates do not show any characteristic lines due to impurity atoms with Z &#x3E; 9 [2] . It becomes necessary to use electron energy loss spectroscopy (EELS) which is the only available method to detect low Z elements. (Table I) . [8] , the r parameter increases slightly and regularly with the energy loss. The chemical analysis on the dislocation cores has to be discussed in terms of a probability function that the signal is due to elemental detection or to normal error distribution. By reference to a table of integrals of Gaussian distribution for the value S/ 6s, one estimates the probability of having oxygen in dislocation cores A and B greater than 99.9 % and the probability of nitrogen on dislocation B of the order of 46 %. It confirms the previous assumption that the precipitates are oxides. A further confirmation of the reliability of our statistical procedure is obtained by applying to run A or B similar analysis searching for the presence of V or Cr. Although their ionization edges (513 eV and 574 eV) are very close to the oxygen K edge, the corresponding signal was always negative and inferior to the statistical uncertainty. An order of magnitude of the number of oxygen atoms, N, involved in the present analysis can be estimated from the formula : where r is the counting time per channel, ðslit and ðstep the respective energy width of the slit detector and the energy increment between channels.
For the very thin germanium foils and large angles of collection concerned in this analysis, Jo is roughly equal to the primary electron flux [9] . The cross section, cr~, is estimated of the order of 2 x 10 -21 cm2 by Egerton [10] Using the experimental data on dislocation A and B leads to Do ~ 0.75 x 104 C/cm2 and co = 21 barns. This low cross section has to be compared to the much higher value found for removing oxygen atoms from the surface of silicon [13] which is of the order of 400 barns if scaled for 100 kV electrons. This indicates that the radiation damage speed is controlled by a much slower mechanism than ionization. Therefore a model including knock-on processes and ionization is proposed. It includes the following steps : i) production of oxygen interstitials close to the GeGe02 interface either by direct knock-on or Coulomb explosion following ionization; ii) radiation induced diffusion of oxygen in the interface towards the free surface; iii) radiation induced desorption of oxygen after ionization close to the surface. The maximum energy transfer by 100 kV electrons to oxygen atoms is ~ 15 eV, which can explain correctly the first two steps [14] with a relatively low cross section. It must be remarked that none of the steps are thermally activated and may occur at room temperature.
